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clock by adjusting the secondary clock based on a difference 
between times measured by the reference clock and the sec 
ondary clock to generate a clock signal. The clock signal is 
communicated to one or more interfaces. 
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SYSTEM AND METHOD FOR 
COMMUNICATING TIMING TO A REMOTE 

NODE 

PRIORITY 

[0001] This application claims priority to provisional appli 
cation Ser. No. 61/040,474, ?led on Mar. 28, 2008, Which is 
incorporated herein by reference. 

BACKGROUND 

[0002] The Internet Protocol (IP) includes the rules and 
encoding speci?cations for sending data. Layer 3 of the open 
systems interconnect (OSI) model is the network layer in 
Which protocols such as IP operate. Layer 3 and above ser 
vices are generally deliverable via Ethernet physical connec 
tions. To meet user expectations for high quality Ethernet 
services, such as differential mode pseudo-Wire, a method of 
monitoring packet performance, such as one-Way latency, is 
required. One-Way latency and other performance measure 
ments require a clock reference With a high degree of accu 
racy. 
[0003] Communications betWeen packet netWorks and 
time domain multiplexing (TDM) or synchronous systems 
may further complicate performance tracking. Many existing 
systems and interfaces, such as Ethernet sWitches, do not 
provide a cost e?icient, robust, and reliable system for main 
taining a clock or timing signal. 

SUMMARY 

[0004] A system and method for synchronizing a clock for 
data transmissions. A data packet may be received at a remote 
node. A timing characteristic of the data packet may corre 
spond to a tick of a clock from a reference clock. A tick of the 
clock may be determined based on the timing characteristic of 
the data packet. A secondary clock may be disciplined With 
the reference clock by adjusting the secondary clock based on 
a difference betWeen times measured by the reference clock 
and the secondary clock to generate a clock signal. The clock 
signal may be communicated to one or more interfaces. 
[0005] Another embodiment provides a remote node for 
communication With a synchronous netWork. The remote 
node may include an optical interface for receiving a data 
signal through a ?ber optic. The interface may be operable to 
extract a tick of a reference clock associated With a timing 
characteristic of a data packet communicated through the 
?ber optic. The remote node may also include a clock in 
communication With the optical interface. The interface may 
discipline the clock utilizing the tick of the reference clock 
extracted from the timing characteristic of the data packet to 
maintain a clock signal. The remote node may also include a 
timing bus in communication With the clock. The timing bus 
may be operable to transmit the clock signal to one or more 
cards. The remote node may also include one or more inter 
faces in communication With the timing bus. The one or more 
interfaces may be operable to utilize the clock signal for 
synchronous communications. 
[0006] Yet another embodiment provides a system and 
method for synchronizing a clock for data transmissions. A 
propagation delay betWeen a sending node and a remote node 
may be determined. A data packet may be received at the 
remote node. A leading edge of the packet may correspond to 
a tick of a clock from a reference clock. The tick of the clock 
may be determined from the leading edge of the data packet. 
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A secondary clock may be disciplined With the reference 
clock by adjusting the secondary clock based on a difference 
betWeen times measured by the reference clock and the sec 
ondary clock from the tick of the clock and the propagation 
delay to generate a clock signal. The clock signal may be 
communicated to one or more interfaces. 

[0007] A system and method for synchronizing a clock 
signal. Data tra?ic may be received through a ?rst channel of 
a ?ber optic. A clock signal may be received through a second 
channel of the ?ber optic. A clock at a node may be disci 
plined With the clock signal. The clock signal may be sent 
from the clock to one or more interfaces Within a node. 

[0008] Another embodiment includes a remote node for 
communicating a clock signal. The remote node may include 
an optical interface for receiving data tra?ic through a ?rst 
Wavelength of a ?ber optic and a clock signal through a 
second Wavelength of the ?ber optic. The remote node may 
also include a clock in communication With the optical inter 
face. The clock may be operable to receive the clock signal. 
The clock may be disciplined With the clock signal to main 
tain the clock signal. The remote node may include a timing 
bus in communication With the clock. The timing bus may be 
operable to transmit the clock signal to one or more cards. The 
remote node may also include one or more cards in commu 

nication With the timing bus. The one or more cards may be 
operable to utilize the clock signal for synchronous commu 
nications. 
[0009] Yet another embodiment includes a metro Ethernet 
sWitch. The sWitch may include an optical interface for 
receiving communications through a plurality of ?ber optics. 
A ?rst port of the optical interface may receive data tra?ic 
through a ?rst Wavelength of a ?ber optic and a clock signal 
through a second Wavelength of the ?ber optic. The optical 
interface may include a second port operable to receive the 
clock signal through another ?ber optic in response to deter 
mining the clock signal is not received through the second 
Wavelength. The sWitch may also include a clock in commu 
nication With the optical interface. The clock may be operable 
to receive the clock signal. The clock may be disciplined With 
the clock signal to maintain the clock signal. The sWitch may 
also include a timing bus in communication With the clock. 
The timing bus may be operable to transmit the clock signal to 
one or more clocks. The sWitch may also include one or more 

clocks in communication With the timing bus. The one or 
more clocks may be operable to utilize the clock signal for 
synchronous communications through one or more cards. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Illustrative embodiments of the present invention 
are described in detail beloW With reference to the attached 
draWing ?gures, Which are incorporated by reference herein 
and Wherein: 

[0011] FIG. 1 is a pictorial representation of an Ethernet 
ring in accordance With an illustrative embodiment; 
[0012] FIG. 2 is a pictorial representation of a communica 
tions environment in accordance With an illustrative embodi 

ment; 
[0013] FIG. 3 is a pictorial representation of communica 
tions betWeen a central of?ce and a remote node in accor 
dance With an illustrative embodiment. 

[0014] FIG. 4 is a block diagram of a remote node in accor 
dance With an illustrative embodiment; 
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[0015] FIG. 5 is a ?owchart ofa process for disciplining a 
clock of a remote node in accordance With an illustrative 

embodiment; and 
[0016] FIG. 6 is a ?owchart of a process for communicating 
a clock signal in accordance With an illustrative embodiment. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0017] An illustrative embodiment provides a system, 
method, and remote node for synchronizing a clock of a 
remote node With a universal time coordinated (U TC) clock 
for communications signals. The frequency or tick of a clock 
may be extracted from a timing characteristic of a data packet 
received at a remote node. The timing characteristic is a 
parameter, indicator, or characteristic of an arriving packet. In 
one embodiment, the timing characteristic is a leading or 
trailing edge of a data packet. Other timing characteristics 
may also be utilized that may utilize other information, such 
as average data packet arrival time or the center points of data 
packets. 
[0018] The clock tick is a designated time unit. The clock 
tick may represent seconds, deciseconds, centiseconds, mil 
liseconds, microseconds, nanoseconds, picoseconds, femto 
seconds, or another designated subdivision, time, frequency, 
or multiple of any of the foregoing. For example, one hundred 
or one thousand clock ticks may occur each second. The tick 
or frequency of the clock may be utilized to discipline or 
synchronize the clock output signal of a clock integrated 
Within the remote node. The synchronized clock signal may 
be communicated to a multiple interfaces Which may include 
cards, ports, subservient clocks and doWnstream devices, 
components, and elements for utilization in multiple commu 
nications signals. 
[0019] Another embodiment provides a system and method 
for communicating a clock signal from a ?rst location to a 
second location. In one embodiment, data traf?c is commu 
nicated from a central of?ce to a remote node utilizing a ?rst 
Wavelength. A second Wavelength may be utilized to propa 
gate a clock signal from a UTC clock or other highly accurate 
clock at the central of?ce to one or more remote nodes. The 
data tra?ic and clock signal may be propagated through a 
single port of an optical Ethernet interface. 
[0020] FIG. 1 is a pictorial representation of an Ethernet 
ring 100 in accordance With an illustrative embodiment. The 
Ethernet ring 100 is an Ethernet topology. In one embodi 
ment, the Ethernet ring may a Metro Ethernet netWork. A 
metro Ethernet is a layer 2 netWork that is based on the 
Ethernet standard and that covers a metropolitan area. Metro 
Ethernet may be utilized as a metropolitan access netWork to 
connect subscribers and businesses to a Wide Area NetWork 
(WAN), such as the Internet. 
[0021] One or more large businesses, organizations, or 
other groups may also use Metro Ethernet to connect branch 
of?ces to an Intranet. The Ethernet ring 100 may be used 
because Ethernet supports high bandWidth connections and 
may be easily integrated With and connect to corporate and 
residential customer devices, netWorks, or other resources. In 
one embodiment, the Ethernet ring 100 may provide a next 
generation replacement of synchronous optical netWork (SO 
NET) rings. 
[0022] In one embodiment, the Ethernet ring 100 includes 
sWitches 102, 104, 106, 108, and 110, and ?ber optics 112. 
The Ethernet ring 100 may also be any topology, structure, or 
design suitable for communication, such as hub-and-spoke, 
star, point-to-point, full mesh, partial mesh, or other Ethernet 
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architectures. The Ethernet ring 100 may include any number 
of devices, elements, and connections. For example, in order 
to communicate data through the ?ber optics 1 12, any number 
of routers, splices, ampli?ers, media converters, modulators, 
multiplexers, light generators, and other elements may be 
used. 

[0023] The Ethernet ring 100 is part of a communications 
netWork that may utilize a hierarchy, including a core, distri 
bution, and access. The core may be the backbone of the 
communications netWork for communicating signals, data, 
and information from one point to another. The sWitches 102, 
104, 106, 108, and 110 or other data elements are central 
points of connections for computers and other communica 
tions equipment in a communications netWork. The sWitches 
102, 104, 106, 108, and 110 may be located at one or more 
central o?ices, nodes, multi-tenant buildings, hardened cabi 
nets, or other service provider or customer facilities. 

[0024] The ?ber optics 112 are thin strands of specially 
manufactured plastic or glass used to transport and direct light 
communications from a source to a given destination. The 
communications signals may be generated by a laser, light 
emitting diode (LED), or other optoelectronic device. One or 
more strands of the ?ber optics may transmit and receive 
communications signals betWeen the sWitches 102, 104, 106, 
108, and 110. 
[0025] The sWitches 102, 104, 106, 108, and 110 may need 
to communicate a clock signal around the Ethernet ring 100 or 
to an edge aggregator. The edge aggregator is the point, con 
nection, or device at Which access legs in communication 
With customer or user equipment interconnect With the Eth 
ernet ring 100. Clock timing may be particularly important 
for TDM emulation over packet communications, or other 
circuit based or time slot based communications protocols 
and standards over packet communications. Synchronous 
TDM includes Tl, SONET/SDH, and ISDN. Additionally, a 
clock signal may be required to perform TDM over a non 
synchronous packet netWork With such emulation modes as 
differential mode pseudo Wire. In computer netWorking and 
telecommunications, a pseudo Wire is an emulation of a native 
service over a packet sWitched netWork. The native service 
may be ATM, frame relay, Ethernet, loW-rate or high-rate 
TDM, or SONET/SDH. 

[0026] FIG. 2 is a pictorial representation of a communica 
tions environment 200 in accordance With an illustrative 
embodiment. The communications environment 200 may 
include any number of netWorks, systems, devices, and con 
nections. The communications environment 200 is shoWn for 
illustration purposes. In one embodiment, the communica 
tions environment 200 may include a central of?ce 202, a 
Stratum clock 204, TDM netWorks 206 and 207, an IP net 
Work 208, a remote node 210, a sWitch 212, customer 213, 
and a telephone 214. The communications environment 100 
may include various components, nodes, connections, and 
devices of the Ethernet ring 100 of FIG. 1. 

[0027] The different elements and components of the com 
munications environment 200 may communicate using hard 
Wired connections, such as ?ber optics, Tl, cable, DSL, high 
speed trunks, and telephone lines. Alternatively, portions of 
the communications environment 200 may include Wireless 
communications, including satellite connections, time divi 
sion multiple access (TDMA), code division multiple access 
(CDMA), global systems for mobile (GSM) communica 
tions, personal communications systems (PCS), WLAN, 
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WiMAX, or other frequently used cellular and data commu 
nications protocols and standards. 

[0028] The TDM network 206 and 207, and IP network 208 
may communicate with any number of networks which may 
include wireless networks, data, or packet networks, cable 
networks, satellite networks, private networks, publicly 
switched telephone networks (PSTN), or other types of com 
munication networks. The networks of the communications 
environment 200 may represent a single communication ser 
vice provider or multiple communications services providers. 
The features, services, and processes of the illustrative 
embodiments may be implemented by one or more devices of 
the communications environment 200 independently, or as a 
networked implementation. 
[0029] The IP network 208 is a pack-switched intemetwork 
that allows endpoints to communicate. Apacket is a formatted 
unit of data carried by a packet mode or data network. As 
shown, the remote node 210 may receive a clock signal from 
the Stratum clock 204 through network 208. The Stratum 
clock 204 is one embodiment of a highly accurate reference 
clock that may be utiliZed to maintain UTC. The Stratum 
clock 204 may also be an atomic, GPS, or radio clock or other 
time keeping device suitable for maintaining highly accurate 
time information. 

[0030] The switch 212 may be a local exchange, a wire-line 
switch, or public exchange using time domain multiplexing to 
provide telecommunications services to a particular sub 
scriber, or groups of subscribers. The switch 212 may be 
located at a local telephone company’s central o?ice, or at a 
business location serving as a private branch exchange. The 
switch 212 may provide dial-tone, calling features, and addi 
tional digital and data services to subscribers, such as the 
telephone 214 utiliZed by the customer 213. 
[0031] The customer 213 is an example of a user, residence, 
building, or location of a person or group that may utiliZe any 
number of communications services. The customer 213 is 
shown as a residence in the illustrated example, however, the 
customer 213 may also be an o?ice, business, individual, 
group of users, or other entity suitably equipped to receive 
telephone, data, and other communication services. The cus 
tomer 113 may utiliZe multiple communications devices and 
services which may include the telephone 214. The telephone 
214 may be a standard device that provides dialing and voice 
conversation capabilities. The customer 213 may also utiliZe 
a client, such as a personal computer, laptop, or PDA. The 
client may be a personal computer for performing and execut 
ing programs and instructions, and accessing and communi 
cating through one or more communications networks. 

[0032] The remote node 210 may utiliZe the clock signal 
from the Stratum clock 204 to perform synchronous commu 
nications with the TDM networks 206 and 208. As further 
described herein, the clock signal may be determined from a 
packet arrival time of data tra?ic or through a secondary 
wavelength communicated to the remote node from the cen 
tral of?ce 202. 

[0033] FIG. 3 is a pictorial representation of communica 
tions between a central o?ice 302 and a remote node 304 in 
accordance with an illustrative embodiment. The central 
of?ce 302 and the remote node 304 may be particular imple 
mentations of the switches 102, 104, 106, 108, and 110 of 
FIG. 1. FIG. 3 may illustrate an optical layer permitting 
communication between the central o?ice 302 and the remote 
node 304. 
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[0034] The central of?ce 302 and the remote node 304 may 
communicate through the ?ber optic 306. The ?ber optic 306 
may include one or more strands. The example of FIG. 3 
illustrates a single strand of ?ber optic with channels A 308 
and channel B 310. The strands within the ?ber optic 306 may 
utiliZe one or more wavelengths, lambdas, or frequencies. 
The ?bers or strands in the ?ber optic 306 may be multimode 
?bers or single mode ?bers. 
[0035] The central of?ce 302 includes a UTS. The clock 
signal may be propagated to the remote node 304 packet to 
TDM conversion. In one embodiment, the UTS may be a bits 
clock linked to a global positioning system (GPS) reference 
source or an atomic clock. 

[0036] In a ?rst embodiment, the data traf?c may be com 
municated through channel A 308. The channel is a ?ber or a 
wavelength utiliZed to communicate signals, data, or other 
information. In order to recover a clock signal or frequency 
from a high accuracy clock at the central of?ce 302, the data 
packets may be sent only on clock ticks. In one embodiment, 
the leading edge of a packet or data signal may represent a 
clock tick. In another embodiment, the end of a packet, 
middle or other information linked with the arriving packet 
may indicate the clock tick. 
[0037] Data packets are not required to be sent on every tick 
of the clock, but rather only when data packets are available. 
In one embodiment, a status, link, clock, update, or synchro 
niZation packet may be sent if a data packet has not been 
transmitted from the central of?ce 302 to the remote node 3 04 
within a time period. For example, if a data packet has not 
been sent for ?ve milliseconds, a data packet may be sent to 
the remote node 304 to ensure that the clock signal may be 
recovered and utiliZed to update or synchroniZe one or more 
clocks of the remote node 304. 

[0038] To maintain an accurate time reference, a clock at 
the remote node 304 may be corrected to correspond with the 
UTS at regular intervals. The clock may be extracted by one 
or more Ethernet switches, routers, or similar devices utiliZ 
ing a standard, such as Institute of Electrical and Electronics 
Engineers (IEEE) 1588 entitled a “Standard for a Precision 
Clock Synchronization Protocol for Networked Measure 
ment and Control Systems”. 
[0039] In a second embodiment, the data traf?c sends and 
receives between the central of?ce 302 and the remote node 
304 may be transmitted through channel A 308. The clock 
signal may be communicated from the central o?ice 302 to 
the remote node 304 through channel B 310. As a result, the 
clock signal or timing is sent out-of-band for receipt by the 
remote node 304. The data traf?c through channel A 308 may 
occur non-synchronously with less processing and manipu 
lations reducing the expenses and equipment at both the cen 
tral of?ce 302 and the remote node 304. As a result, the clock 
signal may be more easily recovered at the remote node 304 
for use with synchronous Ethernet, pseudo wire, error check 
ing, or disciplining a local clock signal. For example, TDM 
and synchronous communications, such as synchronous Eth 
ernet, may require a clock signal that is highly accurate or 
synchronized with one or more systems, of?ces, nodes, 
devices or connections in order to perform communications. 
[0040] The illustrative embodiments may track the path 
delay between one or more elements, such as the central of?ce 
302 and the remote node 304. In one example, the path delay 
may be calculated by measuring the round trip delay of a 
packet between central of?ce 302 and the remote node 304. 
For example, the delay may be 7 milliseconds and as a result, 
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the central of?ce 302 and the remote node 304 may determine 
that there is a transmission delay of 3.5 milliseconds betWeen 
the devices orpoints. Processing or time for analysis may also 
be included in the transmission delay. The clocks may be 
synchronized based on a single delay test, periodically, or 
frequently based on existing needs. A single port or interface 
may communicate the retrieved clock signal to discipline a 
clock at the remote node 304. The clock may be a central 
device that further distributes the clock signal to one or more 
cards, ports, or internal or external devices. As a result, timing 
may be more ef?ciently communicated betWeen devices uti 
liZing ?ber optic connections. 
[0041] In one embodiment, the time or tick difference 
betWeen a reference clock at the central o?ice 302 or other 
node and the remote node 304 may be utiliZed to discipline 
the clock at the remote node 304. For example, the clock 
signal may be retrieved by analyZing the signal to determine 
the signal or packet characteristics, such as a leading edge as 
measured based on one or more thresholds, corresponding to 
the clock signal. The clock signal may also be retrieved uti 
liZing standard clocking processes and standards. 
[0042] FIG. 4 is a block diagram ofa remote node in accor 
dance With an illustrative embodiment. The remote node 400 
is one embodiment of a Ethernet aggregation sWitch, router, 
or other intelligent communications device. The remote node 
400 may include ?ber optics 401, optical interfaces 402 and 
404, a clock 406, a data control plane 408, a timing bus 409, 
port cards 410, a clock slave 412, circuit emulation logic 414, 
synchronous Ethernet port 416 (sENET), and T1 port 418. 
The remote node 400 may further communicate With cus 
tomer premise equipment (CPE) 420 that may include a clock 
422. The remote node 400 is a particular implementation of 
the remote node 304 of FIG. 3. In one embodiment, the 
remote node 400 includes a chassis for receiving a plurality of 
externally connectable elements. The remote node 400 may 
utiliZe various planes to route data, information, and signals 
Which may include a forWarding plane for communications 
betWeen ports, the data control plane 408 that acts as a sWitch 
ing or routing plane for moving data packages from one 
location to another, and a timing plane for moving a clock 
signal. 
[0043] The remote node 400 may maintain a clock signal 
disciplined through signals communicated by the ?ber optics 
401 for multiple interfaces, systems, clocks, cards, ports, and 
doWnstream devices and elements. The remote node 400 may 
further include any number of processors, memories, busses, 
circuits, sockets, ports, and other elements. 
[0044] The optical interfaces 402 and 404 are optical trans 
ceivers for both telecommunication and data communica 
tions applications. In one embodiment, the optical interfaces 
402 and 404 are optical Ethernet interfaces, such as a small 
formfactor pluggable (SFP). The optical interface 402 is a 
receptacle for interfacing the ?ber optics 401 With the data 
control plane 408. The optical interfaces 402 and 404 may 
communicate or be connected through a mother board, bus, or 
other device. The optical interface 404 may interconnect a 
mother board of the remote node 400 to an netWork cable 
including an unshielded tWisted pair of a netWork cable. 

[0045] In one embodiment, the optical interfaces 402 and 
404 may extract the clock signal for communication to the 
clock in any number of formats. For example, the optical 
interfaces 402 and 404 may determine the clock signal utiliZ 
ing a timing characteristic of a packet, the clock signal may be 
transmitted to the clock 406 as digital or analog values, sig 
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nals, or information. In another example, the optical inter 
faces 402 and 404 may retrieve the clock signal through a 
Wavelength out-of-band With data tra?ic through a modulated 
signal or data packets including the clock signal. 
[0046] In another embodiment, the optical interface 402 
and 404 may communicate the clock signal to the clock 406 
for retrieval or extraction. The clock 406 may be disciplined 
based on arrival timing of an incoming data packet. In one 
embodiment, the arrival timing may be a leading edge of an 
Ethernet or data packet. The clock 406 may adjust itself up or 
doWn as needed. If the clock 406 is correct, no disciplining or 
adjustments are required. The clock 406 may similarly disci 
pline, synchroniZe, or update one or more other clocks, such 
as the clock slave 412 and the clock 422. The clock signal is 
also passed to the line, circuit emulation, or port cards 410 of 
the remote node 400. The port cards 410 are a particular 
representation of an interface to other devices, nodes, con 
nections, or customer equipment. 
[0047] In one embodiment, the remote node 400 may be 
equipped With a separate timing bus 409 from the packet side 
of the remote node 400 to the tributary or line side of the 
remote node 400. The timing bus 409 is a transmission path 
that distributes or transfers the clock signal outside of the data 
path bus. The timing bus 409 may be Wires, leads, electrical 
connections, or other conducting mediums. In one embodi 
ment, the clock 406 is an IEEE 1588 clock that communicates 
a clock signal to the port cards 410 through the timing bus 
409. The circuit emulation logic 414, cards utiliZing pseudo 
Wire and T1 port 418, and Ethernet port 416 may utiliZe the 
clock signal for TDM, synchronous Ethernet, or other similar 
services. The different cards and ports of the remote node 400 
may rely on the clock 406 instead of free running or utiliZing 
more expensive alternatives. The port cards 410, circuit emu 
lation logic 414, T1 port 418, and the Ethernet port 416 may 
send synchronous communications electrically or optically to 
any number of other devices. The CPE 420 is terminating 
equipment at a subscriber’s premises that communicates 
directly or indirectly through a netWork With the remote node 
400. The CPE 420 may include telephones, modems, termi 
nals, exchanges, sWitches, routers, set-top boxes, and other 
similar netWork equipment. The CPE 420 may include the 
clock 422 that may be further updated or disciplined based on 
communications from the remote node 400. 

[0048] In one embodiment, the front edge of a data packet 
may be utiliZed to indicate a tick of the UTC clock for disci 
plining in the clock 406. The siZe of data packets may vary 
and as a result, the leading edge of a data packet may be sent 
from the central of?ce or another node only on a correspond 
ing clock tick. The central of?ce may send a data packet 
Within a speci?ed time period, range, or interval to ensure the 
clock 406 is properly disciplined. The clock 406 may distrib 
ute timing to the port cards 410 for replication of TDM and 
synchronous Ethernet services. In one embodiment, the clock 
406 may determine or extract the clock signal received from 
the ?ber optics 401 before the data in the data packet is 
extracted or further communicated. The disciplined clock 406 
may better alloW for error checking and avoiding clock skeW. 
[0049] In another embodiment, the optical interface 402 
may extract the clock signal, timing, or frequency of a UTC 
clock from a secondary channel. The UTC clock may utiliZe 
any number of international or domestic standards and pro 
tocols for maintaining correcting timing. For example, the 
UTC clock may be a Stratum 3 clock. The optical interface 
402 may include a port for connecting to the ?ber optics 401. 
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A strand of the ?ber optics 401 may communicate utilizing 
any number of Wavelengths. In one embodiment, a dedicated 
Wavelength is utilized to communicate timing to the remote 
node 400. As a result, the incoming data packets may be sent 
asynchronously reducing the processing poWer and analysis 
required at the sending side for communications. 
[0050] In one embodiment, the incoming clock signal may 
be modulated utilizing the second Wavelength to indicate 
clock ticks. In another embodiment, data Within data packets 
sent utilizing the second Wavelength may indicate the time of 
day, clock tick, or other timing information or data. The 
clocking signal is similarly utilized to discipline the clock 
406. The optical interface may split, ?lter, or separate the 
Wavelengths. The data packets are sent to the data control 
plane 408 for routing and the clock signal is communicated to 
the clock 406. 
[0051] FIG. 5 is a ?owchart ofa process for disciplining a 
clock of a remote node in accordance With an illustrative 
embodiment. The processes of FIGS. 5 and 6 may be imple 
mented by a remote node. The remote node may receive 
communications through one or more strands of ?ber optics. 
For example, the remote node may communicate With a cen 
tral of?ce utilizing a separate strand for data and telecommu 
nication signals transmitted and received. The remote node 
may include an optical interface for communicating through 
the ?ber optics, a clock that may be disciplined based on 
signals received through the ?ber optics, port cards, and any 
number of other doWnstream devices that may be integrated 
With the remote node or communicate With the remote node. 

[0052] The process of FIG. 5 may begin by receiving a data 
packet at the remote node (step 502). The data packet may 
include or encapsulate data or other information that is fre 
quently exchanged betWeen nodes in an optical netWork. The 
data packet may be received from a central of?ce, another 
node, or any number of other devices, systems, netWorks, or 
connections. 

[0053] Next, the remote node retrieves a clock tick from a 
leading edge of an incoming data packet (step 504). The data 
packet sent in step 502 may be sent to coordinate With a tick, 
clock signal, or reading of a UTC, stratum, or reference clock 
available at another node or at the central o?ice. The sending 
device may coordinate one or more data packets so that the 
leading edge of the data packet alWays corresponds With a 
clock tick. The leading edge may correspond or represent the 
clock tick regardless of Whether one or more clock ticks are 
skipped betWeen transmission of data packets. In one 
embodiment, only the leading edge of every other data packet 
or some other multiple may correspond With a clock tick. 
Utilizing the leading edge of the incoming data packet is a 
particular embodiment. Another embodiment may associate a 
trailing edge of the data packet With the clock tick. Similarly, 
any timing characteristic of the arrival of the data packet or 
packet characteristic may correspond or be associated With 
the clock tick. Depending on the type of communication, the 
clock tick may correspond to a millisecond, microsecond, 
nanosecond or other portion, multiple, or factor of a second. 
During step 504, any number of standards may be utilized by 
the interface to retrieve the clock signal and then subse 
quently for the clock to communicate the clock signal through 
a timing bus or plane separate from a data bus or plane. 

[0054] Next, the remote node disciplines a clock in the 
remote node to the clock tick retrieved from the leading edge 
of the incoming data packet to generate a clock signal (step 
506). The clock in the remote node may be adjusted by vary 
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ing the voltage or oscillations of the clock to discipline and 
update the clock based on the clock tick. 

[0055] In one embodiment, synchronous Ethernet stan 
dards, such as the International Telecommunication Union 
(ITU) Telecommunication Standardization Sector (ITU-T) 
Recommendation G.826l/Y.l36l may be utilized to retrieve 
and discipline the clock. ITU-T Recommendation G.826l/Y. 
1361 entitled “Timing and SynchronizationAspects in Packet 
NetWorks” speci?es the upper limits of alloWable netWork 
jitter and Wander, the minimum requirements that netWork 
equipment at the TDM interfaces at the boundary of these 
packet netWorks may tolerate, and the minimum require 
ments for the synchronization function of netWork equip 
ment. Other similar standards may be similarly utilized. Dur 
ing step 506, the remote node may also set the intermittent 
time of day or time of day setting to coordinate With the clock 
tick from the UTC clock. In some embodiments, the clock 
Within the remote node may be required to have a speci?c 
degree of accuracy in order to ensure that the timing and clock 
signal tracked or generated by the clock is suf?ciently accu 
rate to discipline the clock based on incoming data packets. 

[0056] Next, the remote node distributes a clock signal to 
one or more other clocks (step 508). The other clocks may 
include subservient or slave clocks that communicate With the 
clock of the remote node. For example, a master clock of the 
remote node may be disciplined based on the incoming data 
packets. The master clock may then communicate the clock 
signal or updated clock signal to one or more servant clocks. 
A timing bus or plane may communicate the clock signal. 
[0057] Next, the remote nodes utilizes the clock signal to 
perform TDM pseudo Wire (step 510). The other clocks may 
be integrated or communicate With interfaces, cards, ports, 
elements, or other devices that utilize the clock signal to 
perform TDM or synchronous communications. During step 
510, the clock signal may be used to emulate a TDM pseudo 
Wire point for e?icient and error free communications. The 
remote node may additionally communicate the clock signal 
to one or more additional nodes utilizing a timing character 
istic or other signaling scheme, standard, or protocol. The 
process of FIG. 5 may alloW the remote node to more accu 
rately discipline the clock and distribute the clock signal 
timing or frequency to one or more other elements. 

[0058] FIG. 6 is a ?owchart of a process for communicating 
a clock signal in accordance With an illustrative embodiment. 
The process of FIG. 6 may begin by receiving data traf?c 
through a ?rst channel (step 602). The ?rst channel may 
represent a Wavelength or lambda of a ?ber optic strand. The 
data tra?ic may include telecommunications and packet com 
munications communicated Within an optical netWork. 

[0059] Next, the remote node receives a clock signal 
through a second channel (step 604). The clock signal may be 
transmitted to the remote node from a UTC clock. The second 
channel may be a second Wavelength communicated through 
the ?ber optic strand the ?rst channel utilizes. The clock 
signal may be a Wavelength or color designated by the ITU for 
communicating a clock signal, timing or frequency. In one 
embodiment, the clock signal may be communicated by 
modulating the light received by the remote node. For 
example, the light source may be rapidly turned on and off to 
represent clock ticks. In another embodiment, the clock sig 
nal may include, data packets that contain information 
regarding the applicable clock tick, intermittent time of day, 
time of day, or other timing information. The remote node 
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may determine the clock signal by analyzing the signal or data 
of the second out-of-band channel. 
[0060] Next, the remote node disciplines a clock in the 
remote node to the clock signal retrieved from the second 
channel (step 606). The clock may be disciplined by adjusting 
the time of day, clock ticks, oscillation, frequency, or other 
information utilized by the clock to track timing information. 
The remote node distributes the clock signal to one or more 
other clocks (step 608). The remote node may include one or 
more slave clocks that receive the clock signal through a 
timing bus that operates independent of the data bus. The 
slave clocks may be in the remote node or one or more other 

interfaces, cards, or doWnstream devices. The clock signal 
may be utiliZed to perform TDM pseudo Wire and any number 
of synchronous communications. 
[0061] Next, the remote node transmits the clock signal to 
a next node (step 610). The clock signal may be communi 
cated utiliZing ?ber optic or electrical connections to the next 
node. In one embodiment, the clock signal may be commu 
nicated utiliZing a second channel similar or identical to the 
Way the clock signal Was received in step 604. Any number of 
other communications standards and methods may also be 
utiliZed including the process described in FIG. 5. The next 
node may be a sWitch in a ring, CPE, or other device, equip 
ment or system. 

[0062] In one embodiment, the remote node may be con 
?gured to determine Whether the clock signal is being 
received in step 604. If the clock signal, not being received 
through the second channel, is incorrect, or has faltered, the 
remote node may utiliZe logic or an algorithm to perform 
clock discipline in a secondary clock signal. For example, a 
secondary clock signal may be incoming from another side of 
a metro Ethernet ring of Which the remote node is part of 
[0063] The previous detailed description is of a small num 
ber of embodiments for implementing the invention and is not 
intended to be limiting in scope. The folloWing claims set 
forth a number of the embodiments of the invention disclosed 
With greater particularity. 

What is claimed: 
1. A method for synchroniZing a clock for data transmis 

sions, the method comprising: 
receiving a data packet at a remote node, a timing charac 

teristic of the data packet corresponding to a tick of a 
clock from a reference clock; 

determining the tick of the clock based on the timing char 
acteristic of the data packet; 

disciplining a secondary clock With the reference clock by 
adjusting the secondary clock based on a difference 
betWeen times measured by the reference clock and the 
secondary clock to generate a clock signal; and 

communicating the clock signal to one or more interfaces. 
2. The method according to claim 1, Wherein the timing 

characteristic is a leading edge of the data packet. 
3. The method according to claim 1, Wherein one or more 

data packets including the data packet utiliZed for determin 
ing the tick of the clock are not received every tick of the 
clock. 

4. The method according to claim 1, Wherein the data 
packet is an Ethernet packet received from a central of?ce 
through a metro Ethernet netWork, and Wherein the reference 
clock is a Stratum clock. 

5. The method according to claim 1, Wherein the secondary 
clock is adjusted to an accuracy of at least one millisecond. 
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6. The method according to claim 1, further comprising: 
determining a delay betWeen the reference clock and the 

remote node, Wherein the disciplining is performed uti 
liZing the delay. 

7. The method according to claim 1, sending an inactivity 
packet at an interval in order to synchroniZe the secondary 
clock. 

8. The method according to claim 1, further comprising: 
determining the tick of the clock before separating data 

from the data packet. 
9. The method according to claim 1, further comprising: 
generating the clock signal regardless of Whether one or 

mote data packets is received for disciplining the sec 
ondary clock. 

10. The method according to claim 1, further comprising: 
communicating the clock signal from the secondary clock 

to one or mote slave clocks; and 
performing error checking Within the remote node utiliZing 

the clock signal. 
11. A remote node for communication With a synchronous 

netWork, the remote node comprising: 
an optical interface for receiving a data signal through a 

?ber optic, the interface operable to extract a tick of a 
reference clock associated With a timing characteristic 
of a data packet communicated through the ?ber optic; 

a clock in communication With the optical interface, the 
interface disciplines the clock utiliZing the tick of the 
reference clock extracted from the timing characteristic 
of the data packet to maintain a clock signal; 

a timing bus in communication With the clock, the timing 
bus operable to transmit the clock signal to one or more 
cards; and 

the one or more interfaces in communication With the 
timing bus, the one or more interfaces operable to utiliZe 
the clock signal for synchronous communications. 

12. The remote node according to claim 11, Wherein the 
remote node is a sWitch, Wherein the one or more interfaces 
are one or more cards, and Wherein the timing characteristic is 
a leading edge of the data packet. 

13. The remote node according to claim 11, further com 
prising: 

a slave clock in communication With the timing bus, the 
slave clock utiliZes the clock signal for the synchronous 
communications through the one or more interfaces. 

14. The remote node according to claim 11, Wherein the 
reference clock is an atomic clock, and Wherein the clock 
tracks time Without being updated by the reference clock 
through the leading edge of the data packet. 

15. The remote node according to claim 11, Wherein the 
interface disciplines the clock utiliZing a propagation delay 
betWeen and sending node and the remote node. 

16. A method for synchroniZing a clock for data transmis 
sions, the method comprising: 

determining a propagation delay betWeen a sending node 
and a remote node; 

receiving a data packet at the remote node, a leading edge 
of the data packet corresponding to a tick of a clock from 
a reference clock; 

determining the tick of the clock from the leading edge of 
the data packet; 

disciplining a secondary clock With the reference clock by 
adjusting the secondary clock based on a difference 
betWeen times measured by the reference clock and the 
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secondary clock from the tick of the clock and the propa 
gation delay to generate a clock signal; and 

communicating the clock signal to one or more interfaces. 
17. The method according to claim 16, Wherein the leading 

edge of a plurality of data packets received by the remote node 
corresponds to the tick of the clock, Wherein the reference 
clock is an atomic clock, and Wherein the clock tracks a time 
When data packets are not received. 

18. The method according to claim 16, further comprising: 
determining the clock signal from another data stream in 

response to not receiving the data packet; 
disciplining a slave clock in communication With the sec 

ondary clock through a timing bus, the slave clock being 
utiliZed by the one or more interfaces. 
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19. The method according to claim 16, Wherein the disci 
plining further comprises: 

disciplining the clock based on data packets received 
through a secondary data stream in response to deter 
mining the a ?rst data stream including the data packet is 
unavailable. 

20. The method according to claim 16, Wherein the com 
municating is performed through a timing bus, Wherein the 
remote node is a metro Ethernet sWitch, Wherein at least one 
of the one or more interfaces perform synchronous commu 
nications requiring the clock signal. 

* * * * * 


